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THE INVENTION 

Alzheimer Disease (AD) is the most common form of progressive 
dementia observed in the elderly. It is associated with the accumulation of P- 
amyloid (Ap) plaques and neuritic tangles in the brain. However, the cause 
of late-onset AD is unknown. Also, to date, the molecular cause of late-onset 
AD has been unknown and, thus, no reliable molecular diagnostic test for 
late-onset Ad has been heretofre known. 

Applicant has determined that late-onset AD is associated with the age- 
related accumulation of somatic mutations in the regulatory elements of the 
mtDNA control region (CR) that result in a 50% reduction in the light (L)- 
strand RNA transcripts and a 50% reduction in the mtDNA/nuclear DNA 
(nDNA) ratio in the cortex of AD brains. Such mutations result in chronic 
deficiency in mitochondrial oxidative phosphorylation (OXPHOS) and an 
associated increase in mitochondrial reactive oxygen species (ROS) and, 
thus, lead to the premature death of the cortical neurons through 
mitochondrial permeability transition pore (mtPTP)- induced apoptosis. 
Therefore, the accumulation of somatic mtDNA CR mutations is likely to be 
the cause of late-onset AD. Hence, the present invention provides reliable 
molecular diagnostic test for the presence of or pre-disposition to AD. 

The mtDNA CR is a 1000 nucleotide pair (np), non-coding, region of the 
mtDNA that contains the promoters for the initiation of heavy (H) and L- 
strand transcription (P„ & P L ) . the associated mitochondrial transcription 
factor (mtTFA) binding sites, the three conserved sequence blocks (CSB) I- 
III. and the origins of H-strand replication (O h ). Hence, the CR is the primary 
site for the regulation of mtDNA transcription and replication. 

Specific mtDNA CR mutations have been found to accumulate with age in 
particular tissues. A T to G transversion at np 414 (T414G) was found to 
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accumulate with age in human skin fibroblasts (Michikawa et al, 1999, 
Science 286:774-779) and an A189G and a T408A mutation were observed 
to accumulate in skeletal muscle (Wang et al, 2001, PNAS 98:4022-4027). 
However, the T414G mutation could not be detected in normal brain using 
5 our sensitive protein nucleic acid (PNA)-clamping polymerase chain reaction 

(PCR) technique (Murdock et al, 2002, NAR 28:4350-4355). 

However, when we tested for the T414G mutation by PNA-clamping PCR 
in AD brain frontal cortex, we found that 65% of the AD brains were positive 
for this mutation while none of the normal control brains had the mutation. 
10 To investigate this phenomenon further, we cloned and sequenced multiple 

CR clones from the brains of AD patients and age-matched controls. This 
revealed that the AD brains had a 63% overall increase in CR mutations, and 
these mutations were preferentially located in sequence motifs in the CR that 
were known to be involved in regulating mtDNA transcription and regulation. 
15 For example, we found seven mutations each in the CSBI and in the P H & Pl 

mtTFA elements in AD brains but none in the control brains. Moreover, the 
age distribution of the AD CR mutations was distinctive, being 65% higher 
than controls in the ages 59-69, 14% higher in ages 70-79 brains, and 130% 
higher in ages 80 and older AD brains. 
20 Beyond the overall increase in mtDNA CR somatic mutations in AD brains, 

we also discovered two CR mutations that were unique to the brains of AD 
patients, the T414C and T477C mutations. In addition, mutations at T146C. 
T152C, A189G. and T195C were more common in AD brains than controls. 
Finally, the T146C, T195C and T477C mutations increased to very high 
25 levels in the AD brains, in certain cases coming to represent 70-80% of all of 

the mtDNAs in the patient's brain. Moreover, these mutations were often 
found together in AD brains, but not in control brains. Finally, these specific 
mtDNA CR mutations were found at very high frequencies primarily in 
patients in the age range of 70 to 83 years old. the same range that had the 
30 reduced frequency of more random CR mutations. This implies that there 

are two classes of AD. In one case, a few CR mutations arise early in 
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development, become widely disseminated throughout the brain, and then 
clonally amplified in each cell giving rise to an earlier-onset dementia 
associated with a high frequency of a few mutations in the brain. In the other 
case, multiple mutations accumulate, but later in development so that each 
5 individual mutation is confined to a fewer number of cells. When these 

mutations are clonally amplified within their respective cells, each mutation 
can only come to represent a few percent of the total mtDNA CR mutations 
in the brain. 

In either case, when the percentage of the mutant mtDNAs reaches a high 
10 enough level within a cell, it inhibits mtDNA transcription and/or replication. 

This leads to reduced L-strand transcription, inhibition of mtDNA replication, 
respiratory deficiency, premature neuronal death and dementia. Hence, 
these data indicate that somatic mtDNA CR region mutations are the cause 
of late-onset AD. Therefore, testing for these mutations becomes and 
15 excellent tool to confirm the diagnosis of AD or to predict those individuals 

who are at risk for the disease though currently pre-symptomatically. 

Further aspects and details of the present invention, along with supporting 
experimental data and results, are found in the documents appended hereto 
as Exhibits A and B, the entirities of which are expressly incorporated herein 
20 and for a part of this provisional patent application. 
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Disclosure Statements in Claim Format: 

The invention disclosed herein includes, but is not necessarily limited to 
that recited in the following claims: 

1 . A method for determining the existence of or potential for development of 
Alzheimer's disease (AD) or another neurological disorder associated with the 
development of beta amyloid plaques in a human or veterinary patient, said 
method comprising the step of: 

A) determining the presence of mtDNA CR mutations. 
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2. A method according to Claim 1 above, wherein Step A comprises making 
a quantitative determination of mtDNS CR mutations. 

3. A method according to Claim 2 further comprising the step of: 

B) comparing the results of the quantitative determination made in 
Step A with control values representative of patients who do not have and/or do 
not acquire AD, to determine whether the patient has significantly more mtDNS 
CR mutations than control. 

4. A method according to Claim 2 further comprising the step of: 

B) comparing the results of the quantitative determination made in 
Step A with quantitative mtDNS CR values for patients who have and/or acquire 
AD, to determine whether the patient has or is at risk to develop late onset AD. 



5. A method according to any of Claims 1-4 wherein Step A comprises 
testing for at least one mutation selected from the group consisting of: 

i. the T4141G mutation; 

ii. the T414C mutation; 
20 iii. the T477C mutation; 

iv. the T146C mutation; 

v. the T1 52C mutation; 

vi. the A189G mutation; and 

vii. the T195C mutation. 

25 

6. A method according to any of Claims 1-5 wherein Step A is carried out at 
least in part by a technique selected from the group consisting of: 

i. PNA-clamping PCR; 

ii. oligonucleotide hybridization; 
30 iii. primer extension; and 

iv. restriction digestion 
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7. A method according to any of Claims 1-6 wherein the determination of 
Step A is made in a specimen of tissue, cells or body fluid selected from the 
group consisting of: 
5 i. brain tissue; 

ii. brain tissue from the frontal cortex; 

iii. nervous tissue; 

iv. nerve cells 

v. blood 

10 vi. blood cells; 

vii. urine; 

viii. urinary tract cells; 

ix. skin; 

x. skin cells; 
15 xi. epithelium; 

xii. epithelial cells; and 
xiii. fibroblasts. 

8. A test kit comprising reagents and/or materials useable to perform a 
20 method according to any of Claims 1-7. 
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